Keyenburg

Rotterdam, The Netherlands, 1985

Introduction
On a plot in the district ‘Zuidwijk’ of the city of Rotterdam 152 rental apartments have been
built for singles and couples, young and elderly: 115 two-person units of 48,60 m2, 32 oneperson units of 41,85 m2, and 5 larger MIVA units for disabled people, all spread around a
courtyard in 2 blocks of three floors and 2 blocks of five.
The owner, housing association ‘Tuinstad Zuidwijk’, wanted a support structure to allow the
change of small units into bigger ones later on, what happened in 2004. For the renters they
wanted a free infill of their dwellings to favor different ways of living.
The Keyenburg project (1985) was quite different from our previous support-infill projects
Molenvliet (1978) en Lunetten (1981). It had a particular focus on cost saving by a simple
building construction, a new infill cost calculation and a stringent application of modular
coordination (MC) including building metrology. It has been the first official pilot project of
a new Dutch MC standard, the NEN 2883.
It also applied new tools in the process of design and participation. The full scale infill model
of the Eindhoven University has now been utilized very realistic in a hall near the building
site and the office where the user consultation took place. And above all, a new computer
program related drawings directly to cost and rent calculation so that users could decide
immediately about infill and rent.

The site in district ‘Zuidwijk’, in Rotterdam,

A rectangular area in the garden city ‘Zuidwijk’.
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Two blocks of three floors and two blocks of five floors house 152 dwellings that can be reached by two staircases, two
emergency stairs and galleries. One elevator facilitates wheelchair access to all dwellings on the first 3 floors.

Access Courtyard
The large green courtyard with dwelling entrances offered the residents an open common
outdoor living room, a collective shared space maintained by a housing corporation. After 20
years the court has been gated for safety reasons.

Courtyard in 1987, free entrance.

Courtyard in 2017, gated for safety reasons
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The components of the support plan drawn on a modular 30 cm grid.

The simple support structure consists of floors and walls, perpendicular to the facades,
balconies, galleries, shafts, heaters, meters and façade frames.
The basic span is 4.80 m. A two persons apartment measures - including shaft, heater and
meters - 4.50 m x 10.80 m = 48.60 m2, completed by a pavement or half a balcony, that could
be doubled in case of reparcellation. The two top floors, for a single persons, have the depth
of 9.30 m, the surface of 41.85 m2 and a roof terrace of 6.75 m2.
The walls contain ‘fontanels’, i.e. two wall areas of 1.80 m without reinforcement but with
lintels in top. Those areas can be ‘opened’ without endangering the structure.

Open ‘fontanels’ with reinforced lintels.

Open shaft and piping gutter in the upper floor.

Halfway the bays a free standing shaft is located with the main pipes for sewage, ventilation,
water, gas and electricity wiring. The location of the duct enables a living room to be at the
front as at the back, which produces despite of the limited space a respectable number of basic
infill variants. The pipes in the shaft are related to the meters and heaters near the front door

through a gutter in the 6 cm upper floor. Gutters might be connected later through the walls
to combine bays. Hot water pipes from heater to radiators are inserted in the upper floor.

Long access galleries with balconies
Compared to dwelling access by staircase only the long access galleries have many
advantages to get to upper floors. The more interesting in case of support-infill projects:
1. It facilitates the allocation, the re-parcellation and size differentiation of units, over time.
2. A long gallery gives access to a large number of units. In this project two main and two
emergency staircases serve 152 units. A staircase is not only costly, it requires a lot of space.
3. A gallery strengthen also social intercourse conversations because over the balustrade the
front doors of the dwellings are visible from the courtyard and vice versa.
Access galleries are often boring and always too narrow for wheelchairs and rollators to pass.
Larger galleries are expensive and dark. Therefore the access galleries in this projects have
public balconies, widenings before each pair of dwelling entrances. On those places appear
furniture and decorations, and neighbors sit down for a talk.
Those widenings facilitate not only the passing of rollators, wheelchairs and mobility
scooters, but also the handling of large furniture and ambulance stretchers through the
frontdoors. Some budget was available for those balconies due to the small number of
staircases and the simple support structure.

Public balcony on top floor, in the face of 2 front-doors. Same on the second floor.

Closed gallery for ‘assisted living’ on second floor.

Ground floor ‘gallery’.

Parcellation
The owner housing corporation ‘Tuinstad Zuidwijk’ decided the parcellation of the support.
In accordance with the supposed housing need of the district in that time they programmed
small units for singles and couples. The corporation foresaw however a probable change of
demand in the future. For this reason the support structure have been designed with
‘fontanels’ and connectable piping ducts in the floors, so that all kind of combinations of bays
could be possible within the same structure.
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Possible parcellation in 1-, 1,5- and 2-bay units.

Analysis of zones, margins and bay dimensions

Re-parcellation in 2004

From three to two units of 73 m2

From two to one unit of 95m2 Idem on a top floor to 84 m2.

The re-parcellation of the support structure has been remarkable. A pity that the free infill has been
replaced by fixed dwelling lay-outs while changing the shaft locations.
Five dwellings on the ground floor have been combined to a community center . The private gardens
have been added to the common garden in the courtyard.

Community center seen from the courtyard.

Fontanels
Community center

Modular Coordination
The Keyenburg project was one of the seven substantial trial projects for the new housing
draft standard NEN 2883 of the NNI, the Netherlands Normalization Institute. In the
original concept of the SAR (Foundation of Architectural Research) ‘modular coordination’
(M.C.) was considered to co-ordinate support and infill. The approach of the NNI was much
broader: It concerned the co-ordination of áll elements in the design process from general to
specific. The difference with the conventional procedure have been evaluated.
An important trial aspect of the MC was the application of the following three plan levels of
abstraction in relation to three phases in the process of design and approval:
1. ‘Spatial’ plan, 2. ‘Material-box’ plan and 3. ‘Target’ plan. They are elaborations of usual
design phases: 1. Preliminary design, 2. Final design, and 3. Building specification, based on
MC agreements.
In each of those three phases corresponding SAR-grids and modules have been applied:

1. 3M-grid (30cm) for the ‘spatial’ plan, 2. M/2M grid (10/20cm) for the Material-box plan
and 3. Detail-grid, ‘tile-grid’, for the ‘Target’ plan.

Support walls in ‘Spatial’ plan drawn on the 3M grid

Same in ‘Material-box’ plan on the M/2M tartan grid.

Much importance has been attached to the guaranteed free space, not affected when the
material get its dimensions, important to get approvals in a early stage of design. Therefore
material should remain within its modular space. In the material box plan it is given its
maximum and minimum dimension by the general rule: material ends horizontally in a M (10
cm) band of the M/2M grid. Guaranteed space: n.3M-M. In housing practice: M for partitions
and 2M-4M for support walls, floors and facades.
The plan approval can take place during the spatial plan phase in dimensions of 3M. In the
elaboration the material-box will never exceed the dimensions in the spatial plan with more
than M. The approval not only can take place earlier, but can be simplified very much as well,
as has been demonstrated clearly by this project.

‘Spatial’ study on 3M grid about the depth and the width of the support space.

Kitchens on 3M grid.

The three plan levels have also to be applied vertically from general to specific, like in this
façade/floor detail:

1. Section ‘Spatial’ plan detail.

2. Same detail in ‘Material-box’ plan. 3. Same detail in ‘Target’ plan.

Technical drawing of one bay of the Support Structure, drawn on the modular M/2M tartan grid.

Part of a south façade on the vertical M/2M grid.

Floor-façade-balcony ‘Target’ on ‘Detail’-grid.

The three MC plan phases have been approved respectively by 1. the Ministry: ‘spatial’, 2. the
Municipality, ‘material-box’ and 3. the Owner (support) and User (infill): Target plan.

Building Metrology
Within the modular coordination the building metrology has been an efficient technique to
specify the material boxes into the factual desired dimensions. All tolerances of
manufacturing and assembly have been taken into account, calculated by formulas, as given in
the Dutch Standard NEN 2881. The procedure has worked well to determine the exact
position of parts within larger parts, such as the infill components within the support structure.

Controlled joints of masonry and window frames.

Controlled Infill assembly in the Support

Infill
The official approval of the project has been given on the basis of ‘reference infill plans’. Those
dwelling lay-outs followed the national housing rules. The reference plans have also been applied
incase future residents had not been able to participate.

fontanels

Reference infill plans following housing rules. In the middle 2 examples of larger units.

With the official building permission the execution could start and the user got involved to
participate. After an information evening 65% chose his/her dwelling location by letter, of which a
number had concurrent who chose by lot. Then consultants made the spatial sketches during private
infill meetings.

Choosing the ones dwelling by a lot number.

Consultant (L) designing for a future resident.

Some lay-outs of 2 person apartments

Resident and assistant in the full scale try-out model

Lay-outs of 1 person apartments

Rent calculation in guilders during infill meeting

The design of the infill-layouts with the users has been facilitated by a new computer software
package. Tenants were asked to submit drawings of their proposed apartment layout. These in turn
were refined by the architect who then put the devised plan into a special developed software
package. The computer provided an accurate assessment of the rent level for each unit. If the rent

levels were too steep, they could be adjusted by changing the design on the computer. This novel
integration of participation and technology provides an incentive for tenants of Public Housing to
economize on the design of their apartments.

The information layers for infill: support,
partitions finishes, equipment, drainage,
water, electricity and all together.

Cost calculation of chosen infill parts, compared to the
reference-infill parts and their differences in the last column.

Execution
The preparation and execution of the support has been conventional, having benefit of the modular
coordination and building metrology.

Delivering of infill parts through the front door.

Assembling the infill, cell floor too high.

Two very different 48,6 m2 apartments

3 window positions within standard frames and the choice out of 5 colors followed the infill design.

Conclusions
The building preparation, including the negotiations with the authorities took 9 months and the
building realization another 9 months. The user participation in the design of their dwelling lay-out
took place during the construction of the support. The separation of support and infill enabled design
and execution to overlap. Total time from initiative to delivery was 18 months.

The planning team organization of the project enabled an early financial input by the
contractor. This had a positive influence on the feasibility of the project. The independent
position of the infill-contractor has been important.
The phasing of the design process in accordance with the levels of abstraction of NEN 2883
has been positive to the approval process. The ‘spatial plan’ sufficed in the approval process
by the Ministry, the ‘material-box plan’ in the approval by the Municipality.
More problematic was the approval of support separated from infill. Neither the Ministry
nor the Municipality could agree only on the support. The Ministry conceded to the approval
of fictitious reference lay-out plans and the Municipality granted dispensation from the

building code but wanted to see all user plans. The Municipal Services Department (G.E.B.)
demanded compliance, under penalty of not connecting the dwellings. The municipal plan
approval should be based on the support, the Services Department should comply with the
municipal policy as should also the Municipal Medical Department (G.M.D.) that refused to
accept user participation in the 5 MIVA dwellings for disabled people.
The phasing of the design process according to modular co-ordination has proved very useful
for the budgeting and tendering. The frame contract between owner, architect and
contractor has been drawn up on the basis of the ‘spatial’ plan with a 5% margin. The
selection of the infill contractor took place on a spatial plan with an accompanying
performance specification.
According to the owner the Keyenburg project turned out 10% cheaper than normal.
Reasons are the efficient design- and production methods in response to the user
participation. The infill was cheaper than estimated despite of the big variety of dwelling layouts. An additional advantage of the user participation appeared the early inhabitation of
the project. The computer program as well as the full-scale model have been of great service
in the participation process.
The courtyard is well appreciated as a collective space within the city district. The support is
simple but yet effective. Because of this some extra money could be spent on the public
balconies on galleries, experienced as one of the best meaningful horizontal access systems.
The infill of this low cost housing project was still too much a combination of separate
products from existing building industry. It led to esthetic failures as well as technical
problems caused by conventional piping. It fulfilled spatially the requirements, but two
serious remarks on the infill system are important. The height of 225 mm of the floor in the
sanitary cells is not acceptable and the electro-plinth system, although very functional, looks
rather clumsily and unattractive.

References
REFERENCES to Keyenburg in English
M. R. Monroy and R.P. Geraedts, ‘May we add another wall, Mrs. Jones?’, 7 p, Open House International, Vol. 8, no 3,
1983.
SAR, ‘Travelers guide, a guidebook to eight realized dwelling projects with support- and tissue characteristics in the
Netherlands’, 5 p, chapter 02, SAR, Eindhoven 1984.
SAR, J.C. Carp, ‘Keyenburg, a pilotproject, the impact of user-participation on designing, building and managing of a
support-infill project’, 67 p, Stichting Architecten Research, Eindhoven 1985.
P. Lukez, New Concepts in Housing: Supports in The Netherlands, MIT N52-465, Cambridge (1986), 45-46.
K. Bosma, D. van Hoogstraten and M. Vos, Housing for the Millions, John Habraken and the SAR (1960-2000), 5 p, NAI
Publishers, Rotterdam, 2000 , 270-274.
St. Kendall and J. Teicher, Residential Open Building, E & FN Spon, London, (2000), 100-3, 178, 184, 188 and 191.

REFERENCES in Dutch
C. Kok, Secretaris Generaal Ministerie VROM, speech on the First Pilot Project Modular Coordination, 6 p, Persbericht 13/T
VROM, 17-5-1983
‘Veelzijdig experiment in Rotterdam, Drager-Inbouw-project Keyenburg’, 4 p, Progres Projecten, december 1983.
C. Debets, ‘Computer biedt hulp bij inspraak’, 3 p, Bouwwereld 80 (1984)-nr. 2 (20-1).
C. Zwinkels, ‘Drager-inbouwproject Keyenburg Rotterdam, Een stap in de richting van het ‘Open Bouwen’, 7 p, De
Architect 15/84/5
‘Open Bouwen: De opdrachtgever, Tuinstad Zuidwijk, Stichting voor Volkshuisvesting’, 4 p, Wilmagazine, 3e jrg.no. 10, mei
1984.
P.C. Floor, F. van der Werf, H. Toornstra, H.J. Vahrmeijer, ‘Modulaie Coördinatie, ervaringen met een proefproject:
Keyenburg’ 5 p, Bouw 18, 1-9-1984.
J.C. Carp, ‘Keyenburg, Een voorbeeldproject, De invloed van bewonersparticipatie op het ontwerpen, bouwen en beheren
van een drager-inbouwproject, 67 p, Stichting Architecten Research, Eindhoven 1985.
‘Materiaalkeuze bij een drager-inbouwproject’, Bouwwereld 11 (1986), 22, 25.
Werf, F. van der, 1993, Open Ontwerpen (Open Design), 010 Publishers, Rotterdam, 19-20, 82-84, 107-109, 115-123, 126134, 140-153.

REFERENCES in Italian
A. Norsa, ‘E l’Olanda batte il Belgio, il successo di Keyenburg’, 4 p, Construire, no. 21 – Luglio/Agosto 1984.

REFERENCES in Swedish
K.E. Synnemar, ‘Brukarinflustande via microdator och ny byggteknik’,2 p, Byggindustrin, Vol. 55, no. 22, 1985.

www.vdwerf.nl
architect@vdwerf.nl

